China's hukou system imposes two main barriers to population movements. Agricultural workers get land to cultivate but are unable to trade it in a frictionless market. Social transfers (education, health, etc.) are conditional on holding a local hukou. We show that the land policy leads to over-employment in agriculture and it is the more important barrier to industrialization. E¤ective land tenure guarantees and a perfect competitive rental market would correct this ine¢ ciency. The local restrictions on social transfers favour rural enterprises over urban employment with a relatively smaller impact on industrialization.
Introduction
Barriers to labour mobility delay the transition of labour from traditional to new sectors of economic activity and are an important reason for the failure of developing countries to catch up with richer ones. Simon Kuznets noted the importance of such barriers in his in ‡uential 1966 book on economic growth when he wrote, "a high rate of modern economic growth is attainable only if the required marked shifts in industrial structure are not too impeded by resistance -of labour and of capital, of people and their resources in the old and accustomed grooves." (Kuznets, 1966, 157 ). This paper is about the role of a particular policy barrier in China, the hukou system of household registration. It will argue that despite the large transitions that took place in China over the last three decades, the hukou registration system has led to lower levels of both industrialization and urbanization, and consequently to a bigger share of employment in less productive agricultural jobs than would have been the case in a more open labour market.
Fast industrialization began in China following Deng Xiaoping's market reforms that started in 1978 and has been accompanied by a structural transformation that saw labour move from agricultural employment in rural areas to industry and services in predominantly urban areas. Agricultural employment fell from 68% of total employment in 1978 to 26% in 2010. Many Chinese scholars attribute a large part of the rise in labour productivity in China over this period to the shift from low productivity agricultural employment to higher productivity manufacturing jobs Zhu, 2010, Dekle and Vandenbroucke, 2012) . And yet, it could have gone further. Alwyn Young (2003) , who does not include agriculture in his analysis of productivity growth in China, makes a strong point for the study of policies that "kept the peasantry tied up in agriculture," instead of releasing labour to work in higher productivity activities. Similar conclusions were reached by others; in a 2005 survey of 17 provinces that account for the vast majority of Chinese farmers, …nd that after the initial growth of agricultural incomes in the 1980s, China's land policies have been largely responsible for a widening of the income gap between rural and urban households. 1 The policies responsible for these disparities are the subject of this paper.
The large movements of labour from agricultural to non-agricultural activities (industrialization) and the related movement from rural to urban locations (urbanization) are documented in Figure 1 . 2 Most of the employment growth that 1 A summary of results with policy recommendations is available in Zhu and Prosterman (2007) . 2 The data in Figure 1 were constructed by Brandt and Zhu (2010) . They made two adjustments to the employment data of the National Bureau of Statistics (NBS). First, following Holz (2006) , they …xed a major discontinuity in the NBS employment data beginning in 1990. Second, they made use of detailed labour supply data for rural households collected by the Research attracted agricultural labour was in the urban sector but the rural non-agricultural sector also expanded, a point that we address in this paper. Despite this transformation, however, large productivity di¤erences across sectors remain. Productivity in agriculture is still much lower than it is in non-agricultural jobs, something that indicates barriers to labour mobility (e.g. Brandt and Zhu, 2010) . This kind of productivity gap between agriculture and non-agriculture is a common feature of developing countries (Gollin, Lagakos and Waugh, 2014) ; Vollrath (2009) …nds that the employment misallocation that gives rise to the productivity gap accounts for a substantial fraction of cross country income di¤erences. 3 In this paper we describe the mobility barriers that are embedded in the hukou household registration system and then formally derive their implications for employment allocations in a sectoral model of the economy. The hukou registration, introduced in 1958, initially tied people to their area and job and did not allow any labour migration at all. Restrictions have been relaxed piecemeal and not uniformly across the country, but the registration system is still in place and it is still an impediment to labour mobility. Barriers to mobility from the hukou registration system arise mainly along two dimensions. First in the use of land, which is provided free by the state to rural families but tenure rights are not su¢ ciently secured to enable the growth of an e¢ cient rental market; and second in the provision of social services such as education and health, which are conditional on people's hukou registration and in particular the area in which they are registered.
The analysis of the impact of China's land policy on migration decisions can be done in a two-sector model of industrialization, with an agricultural sector that uses both land and labour and a non-agricultural sector that uses only labour. The key to our analysis is that land tenures are not guaranteed, so land allocated to farmers for cultivation may not be renewed when their lease expires or even taken away by the authorities before it expires. Although a succession of new laws since the 1980s have aimed to establish more secure tenures, we cite a large number of studies that …nd that in practice there is still substantial risk that village authorities might take land away for reallocation to other farmers. Farmers and potential migrants are aware of this risk (90% or more say so, even in recent times; see for example Kimura et al., 2011 ) so they take it into account when negotiating rents for the land vacated by migrants. The result, as we show, is that the rental market clears at a rate below the marginal product of land. In our model the ratio of the market-clearing rental to the marginal product of land is equal to the Centre for the Rural Economy to reestimate primary sector employment, in order to address concerns that the NBS data underestimated the rate of employment decline in this sector. 3 Ngai (2004) and Gollin, Parente and Rogerson (2007) reach similar conclusions by showing that the delay in the transition out of agriculture contributes to cross-country income di¤erences because it delays the start of modern economic growth.
probability that the farmer will not lose the land to a reallocation after migration. 4 The lower rent leads farmers to underestimate the true opportunity cost of land in their decision whether to migrate out of agriculture or not and consequently it leads to over-employment in agriculture. A reform that gives security of tenure to farmers enables the development of an e¢ cient rental market for agricultural land and so induces farmers to fully take into account the opportunity cost of land. 5 Social subsidies also work against migration but for di¤erent reasons. Subsidies are given to local hukou holders only and they include support for education, health, pensions and other less important forms of income supplements. In the early years of industrialization the Chinese authorities encouraged the development of "township and village enterprises" in rural areas, so that rural residents could move from agricultural to non-agricultural jobs without leaving the area and so still be eligible for the local subsidies. In order to deal with the impact of this policy we extend our model to three-sectors, by introducing a rural non-agricultural sector, and model the impact of the hukou restrictions on the eligibility for social subsidies. We show that in contrast to the land policy which a¤ects industrialization, the main impact of the social transfer policy is to reduce the urbanization of employment; i.e., it leads to over-employment in rural non-agriculture and underemployment in urban locations.
We illustrate our results with recent Chinese data and …nd support for our claims. Both the land and social subsidization policies contribute to over-employment in agriculture and under-employment in the urban sector, with much smaller effects on employment in the rural non-agricultural sector. This over-employment in agriculture contributes a substantial portion of the observed productivity gap between agriculture and non-agriculture in China.
In a developing country like China, there are many di¤erent reasons that contribute to mobility barriers and to lower productivity in agriculture. Our main focus in this paper is the household registration system, although in a later section of the paper we also consider the implications of an exogenous labour market wedge, of the kind generally analyzed in the development literature. We …nd that although the exogenous wedge has an impact on migration decisions, our analysis of the impact of the hukou registration on mobility remains as important.
Our analysis parallels that of several other studies that analyse sources of mobility barriers in institutional features of di¤erent countries. Caselli and Coleman (2001) attribute barriers to mobility out of agriculture in the early years of industrialization in the United States to di¤erent educational levels in urban and rural locations. Hayashi and Prescott (2008) show that the prewar Japanese so-cial custom of requiring a son to inherit the land from his father and remain in agriculture can account for the delay in Japan's catch-up with the United States. Beegle, De Weerdt and Dercon (2011) propose home community networks as exit barriers preventing migration in Tanzania and Munshi and Rosenzweig (2016) investigate the role of rural caste insurance and social networks as barriers in rural India. For China, Brandt, Hsieh and Zhu (2008) and Cao and Birchenall (2013) discuss the implications of the hukou system for the existence of a labour market wedge, whereas Tombe and Zhu (2017) model the overall economic impact of trade liberalization and the labour wedge, due partly to assumed land communes. Land policy as a mobility barrier also plays a role in Adamopoulos et al. (2017) , who focus on workers'selection e¤ects in a heterogeneous labour model as the explanation for China's sectoral productivity di¤erences. None of these papers models explicitly both land policy in the context of an ine¢ cient rental market and social subsidies in the context of a sectoral model, which is our main contribution in this paper. 6 Section 2 outlines the household registration system and describes its history and impacts, paying particular attention to land policy and the role of social subsidies. Section 3 develops the two-sector model that is used to study the role of the land policy in the agricultural -non-agricultural labour allocation. In section 4 the model is extended to social subsidies and to three sectors, agricultural and rural and urban non-agricultural. In section 5 we derive the e¢ cient allocation and quantify the likely distortions caused by the hukou restrictions, both in the context of an otherwise e¢ cient equilibrium and in the context of a second-best world characterized by an exogenous labour market wedge.
2 China' s mobility barriers
The hukou system of registration and its impact
The hukou, or household registration system, assigns a hukou certi…cate to each citizen of the People's Republic and on that basis the person becomes eligible for some state bene…ts, in the form of either use of land or social transfers and services. The system was institutionalized in 1958, when each local area in the country (a city or a region, depending on population size) issued a hukou to every 6 Au and Henderson (2006) also use a three-sector model (agriculture, township and village non-agriculture and city non-agriculture) which broadly corresponds to our three-sector model. They employ the techniques of new economic geography to show that both city size and the township and village enterprise sectors are too small, which is indication of the existence of mobility barriers out of agriculture. Our results show that the big distortion is in the too small urban sector, whereas the non-agricultural rural sector is less distorted because of o¤setting impacts of the two policies that we model. resident, which classi…ed the resident as either an agricultural worker or a nonagricultural worker. This became a kind of "passport" for internal use, which indicates the region of origin of the person and entitles the holder to claim certain state bene…ts in their origin region. The objective of the policy was to promote a Communist ideology connected to the use of land (which belonged entirely to the state) and the provision of social services. Agricultural workers were given land to cultivate and were given access to some social services provided by their rural location (usually social communes), whereas urban workers were expected to work in factory or o¢ ce jobs and had access to social bene…ts, many of them job-related, which included subsidized medical care, education for their children and social assistance, funded by the city that issued their hukou.
Initially the hukou registration system was strictly enforced and practically eliminated all possibilities for industrial or geographical labour mobility. As a result, before 1980, practically all people living in an area had a local hukou and all workers working in industry or services had a non-agricultural hukou (Li, Gu and Zhang, 2015). 7 Naturally, this situation was not compatible with a market economy with industrializing ambitions, as China became after Deng's reforms. Agriculture was too big to be productive and industrialization needed labour. In response to this need, the hukou system was gradually softened and reformed, eventually (by the late 1990s) allowing free migration across jobs and areas, albeit with registration never abolished and rarely allowed to change during one's lifetime. There have been too many reforms of varying degrees to enable a manageable narrative or the description of a system that currently applies to everyone. To make things worse, the strictness with which the system is now applied and the ease with which one could change one's registration is left to local authorities, and di¤erent local authorities apply di¤erent rules. The more prosperous large cities (especially the big three, Beijing, Shanghai and Guangzhou) generally follow stricter policies than towns or smaller cities. 8 For modelling purposes, however, we can cut through this complex situation by focusing on the following four types of agents: agricultural hukou holders working in one of three locations, agriculture in their rural area of registration, non- 7 Up to 1998, o¤spring inherited their mothers' hukou status and changes were not allowed. In 1998 the law was changed and children were permitted to inherit either parent's hukou status, so there was a little more ‡exibility, but permissions to change status from that of either parent were still very rare. As an example of how standards vary, whereas many smaller provinces encourage migration to achieve more industrial growth, Shandong province, one of the most industrialized in China, recently required registration of migrants with the police and …nes employers who do not report how many migrant workers they employ (reported in the Financial Times; December 8, 2016; https://www.ft.com/content/7c55b30c-bd14-11e6-8b45-b8b81dd5d080) agriculture in their rural area of registration and non-agriculture in an urban location (the migrants); and non-agricultural hukou holders working in their urban area of registration. Most of the migration literature ignores the non-agricultural workers in rural areas, who hold an agricultural hukou. We bring it into the analysis in our full model of section 4 because in the early years of industrialization the authorities encouraged the growth of "township and village enterprises" which employed mainly unskilled workers producing labour-intensive goods. Although this form of employment is now given less emphasis, non-agricultural rural employment remains a substantial fraction of employment (see again Figure 1 ). Omitting it altogether from the analysis misses an important aspect of the industrialization process in China and an important element of China's social assistance policies.
We ignore two other types of hukou, the non-agricultural hukou issued in rural areas and the agricultural hukou issued in urban areas. In rural areas virtually all residents were originally registered as agricultural workers, except for a small numbers of government employees who carried non-agricultural hukou (Chan, 2012, Table 3 ). The agricultural hukou issued in urban areas can be ignored because with increased industrialization and urbanization beginning in the 1990s, agriculture has become too small in urban areas to matter. 9 With regard to social services, the condition that only local hukou holders qualify for them was embedded in the original design of the hukou system and it still pervades today. Agricultural hukou holders get access to social services in their rural locality but not to social services in the urban locality after they move. Because of this, many rural migrants leave their families behind when they migrate to the city; women may go back to their village when they have a child, to take advantage of available social services; and many men return to their rural locations after a few years in the city, especially if they have children of school age and they want to take advantage of free education in their origin state.
These movements undoubtedly cause social problems for families but the economic cost is less important. Formally taking into account return migration due to changing family circumstances would complicate our model and we do not pursue it. 10 The feature of the system that we emphasize is the ambiguous security of tenure and the possible loss of access to land once the farmer leaves agricultural employment, an issue that we describe in more detail in the next subsection. With 9 Another reason for ignoring the issuing of di¤erent types of hukou by the same authorities is that many provinces gave up on distinguishing between agricultural and non-agricultural hukou, beginning around the turn of the millennium. (Chan, 2012 , p. 73, Fan, 2008 . Rural areas issue agricultural hukou and urban areas non-agricultural ones. 10 We also do not pursue the modelling of changing hukou type, which some localities o¤er after a certain period of work in their area and subject to the quali…cations of the worker. Such changes were rare until recently, although more recently the granting of urban hukou became more common, especially in smaller cities (Chan, 2009). regard to social services we assume that all urban hukou holders have access to urban social bene…ts, and all agricultural workers have access to both land and social services provided by their rural authorities. Migrants (agricultural hukou holders in urban areas) have no access to any services but non-agricultural workers in rural areas have access to rural social bene…ts. More details of these allocations are given in the sections that follow.
China' s land policies
Agricultural land is distributed among the rural population on the basis of family size and other needs, in an attempt to achieve more equality in the village. The property rights do not pass on to the villager but he and his family can cultivate the land and the income is all theirs. Two issues are particularly important to farmers (see Kung, 1995 ; Mullan, Grosjean and Kontoleon, 2011): security of tenure and the possibility of renting out the land to other farmers for an income.
Rural land is managed under the Household Responsibility System, originally enacted in 1978. When the system was …rst set up no renting of land was allowed and although land was allocated for 15-year periods, periodically the village leader would reallocate land on the basis of household changes, which included more involvement in non-farm work (Kung and Liu, 1997) . It was also possible that agricultural land was taken over by the government for infrastructure projects (e.g., road building) or construction. So there was no security of tenure and it was not possible to take advantage of the land to earn an income, other than selfproduction. Relaxation of the law with respect to land rentals started early but village leaders retained some reallocation discretion which, as we elaborate later in this section, did not help remove the reallocation risk faced by farmers.
With respect to appropriations by the government for infrastructure or urban development, we make the reasonable assumption that the a¤ected farmers are given access to new land if they remain in the village and wish to continue in agricultural production. Although this risk may be important with respect to issues such as long-term investments in land, it does not play a role in our analysis. The more important issue for our analysis is the existence of a rental market and the reallocation risk when a farmer migrates, in view of the absence of property rights. In particular, whether the migrant farmer can keep his land and rent it out for an income or whether migrants lose their allocated land when they migrate.
11
A reform to the 1978 Household Responsibility System came in 1984, when 11 Tao and Xu (2007) argue that farmers worry about land acquisitions because their compensation from the local authorities, whatever its form, is not up to the level of the yield from their previously allocated land. We do not address this issue but focus on the other two (and more important) issues that they raise, land reallocations and the migrants'accessibility to social bene…ts. central document no. 1 allowed rentals subject to permission by the village leader (Lin, 1989) . This right, however, was rarely used, at least in the beginning. Survey evidence in 1995 reveals that only about 3% of agricultural land was rented out despite the fact that the agriculture employment share fell from 62% to 48% during the 1984-1995 period (Brandt et al., 2002) . The low rental rate is associated with the perceived "use it or lose it"rule: renting out land could lead the village leader to believe that the land was no longer needed by the farmer so it was taken away and given to someone else in the village in the next reallocation (Yang, 1997 The decline of reallocation incidence, however, did not necessarily lead to the emergence of an e¢ cient rental market. The evidence of Wang, Riedinger and Jin (2015) shows that about half of land transfers were still to relatives throughout the period 2000-08, most rental agreements were verbal and not very well speci…ed and rent was paid in only 31% of transfers in 2000 and in 41% in 2008, on average at a lower rate in 2008 than in 2000. Moreover, in a 2011 pilot survey of Shaanxi and Jiangsu provinces, Brandt et al. (2017) show that in nearly half of the transfers arranged by the village, payments to households were in arrears. With the absence of written contracts in most cases, households renting out their land did not have much say over the matter. 12 Consistent with this, the World Bank (2014, chapter 4) reported that land transfers were taking place at low rental rates, they were unrecorded, and they were subject to a lot of uncertainties which reduced the real value of the land to farmers.
In the formal modelling that follows we deal with the complex issue of land transfers by allowing for an imperfect rental market that functions between two extremes, the "use it or lose it" extreme whereby if a farmer does not cultivate his land it is taken away by the village leader and is reallocated to other farmers, and the "guaranteed tenure"extreme according to which the farmer is guaranteed a tenure on the land and he can deal with it as he likes during the period of the guarantee. 13 On the basis of the discussion of this section we consider the former to be a much closer description of the situation in China at least up to the passing of the 1998 and 2003 Acts, whereas the latter corresponds to a policy reform that involves either the privatization of land or equivalently the granting of full security of tenure, something not yet implemented.
14 Besides the two extremes we model the intermediate case where a land rental market exists but rents are below competitive market rates. This is evidenced by the fact that the vast majority of transfers (up to 90%) are still to relatives or villagers known to the farmer, in the majority of cases with no rent payments (but presumably with some payment in kind in the form of product gifts) and the majority rely on oral contracts. As the World Bank reports, such contractual arrangements lead on average to rents or payments in kind that are below competitive rates, with migrating farmers compromising for such low rates in the absence of formal tenure certi…cates and to avoid stimulating the attention of the village authorities which can still exercise an arbitrary reallocation in favour of farmers who remain in the village. One of the contributions of our paper is to show how the reallocation risk leads to an equilibrium rent that is below the competitive rate, as postulated by the World Bank and others.
China' s land policy in a model of migration
The state makes available at zero rent land plots to local agricultural hukou holders. The land remains the property of the state but the agricultural hukou holder can "manage" the land, namely cultivate it for a return. If he is unable or unwilling to cultivate the land he may be able to rent it out for some return or lose it altogether to an administrative reallocation. We assume the absence of real or …nancial assets, so we can work with a one-period model. Land is allocated from the state on a per-period basis for cultivation and cannot be used to make intertemporal transfers (e.g., through mortgages). All output is consumed in the period that is produced and consumers are price-takers.
In order to focus the analysis on labour distortions we assume that goods markets are frictionless and all consumers face the same prices. For this to hold all goods must be transferable without cost across space, an assumption that we make. The distortions introduced by the hukou type alter only the incomes received by di¤erent groups of workers. We further assume that there are only two regions, a rural one that produces agricultural goods and an urban one that produces non-agricultural goods. We ignore the non-agricultural production in rural areas in this section. We denote all rural/agricultural production by subscript a and all urban/non-agricultural production by subscript u: With these assumptions urbanization and industrialization are one and the same. 15 
Consumer allocations and production functions
The utility function of an agent i is de…ned by
where ! 2 [0; 1] and c a is a subsistence level for agricultural goods (which delivers a lower and more realistic income elasticity for agricultural goods than for nonagricultural ones), c i is the consumption aggregate for each person and c i a and c i u respectively denote consumption of the agricultural and the non-agricultural goods. Throughout the paper we use superscript i for individual and subscript j for types of goods. Individuals can be of di¤erent types due to the hukou they hold or the sector in which they are employed. The budget constraint facing each person is
where p a is the price of the agricultural good, p u the price of the non-agricultural good and I i is the income of individual i. Maximization of the utility function subject to the budget constraint gives the usual marginal rate of substitution (MRS) equation:
The value-added production function for the non-agricultural good is,
where y u denotes output, n u is the fraction of the labour force employed in nonagriculture and A u is a technology parameter. With linear production function and competitive equilibrium all revenue is passed on to labour, so wages are:
Given the important role of land in our analysis, the agricultural production function has to take it into account explicitly, noting that all agricultural land is o¢ cially owned by the state. We let h a be the measure of agricultural hukou holders (and h u = 1 h a the measure of urban hukou holders), n a the fraction of employment in agriculture, with n a h a to re ‡ect the direction of migration movements, and l be the total area of land made available for agricultural use (a policy constant). Let l i a be the land cultivated by a single farmer i. The farmer's production function is given by,
where A a is agricultural technology. The village leader allocates a plot of size l=h a to every local hukou holder. Those who stay on the land cultivate their allocation plus any land that they rent from the migrants. In light of our discussion in section 2.2, we assume that the rental market is subject to the uncertainties of reallocation. Of course, there could be other reasons for market failures but we believe that the reallocation risk is the main one in China.
Consider the following sequence of events within the single period. They take place simultaneously but the motivation is clearer if we describe them as a sequence of actions. The village leader moves …rst to allocate l=h a land to all local hukou holders. Next the hukou holders decide whether to stay and cultivate the land or migrate; a measure n a h a stay. Next a rental market opens for migrants'land. Let the rental that clears the market be . A remaining (non-migrating) farmer i rents i units of land and pays the rent i : Migrants take the rents and leave the area. Before production begins, the village leader makes a move. He decides whether to enter the market for a second allocation round or stay away and allow the farmers to cultivate the land that they rented. The village leader's action is uncertain ex ante; farmers attach a probability to non-reallocation. Under a guaranteed tenure regime = 1; the village leader takes no further action and production begins on the rented land. If tenure is not guaranteed he might take the land of the migrant and reallocate it for free. Under a use it or lose it regime = 0; the village leader reallocates the land of the migrants with probability 1. Once reallocations take place production begins. In intermediate cases 2 (0; 1); there is a probability (1 ) between 0 and 1 that the village leader will reallocate. Under this arrangement farmer i with probability gets to cultivate his initial allocation l=h a plus the land he rented, i ; with probability 1 he loses the land that he rented in a reallocation but being resident in the village he is reallocated a share of the land that the village leader expropriated. In an egalitarian regime, in the second-round allocation each farmer receives an equal share of the land left behind by migrants which, when added to the initial egalitarian allocation, results in a land plot of size l=n a for each remaining farmer. Formally, when farmer i enters the rental market the land that he will be able to cultivate satis…es,
with probability l=n a with probability 1
The farmer's expected income from cultivation is,
Maximization with respect to i gives,
Since all farmers are identical they all choose the same ; which under market clearing must be equal to l=n a l=h a : Therefore l i a = l=n a ; the farmer gets to cultivate the same plot of land in both states of nature and the equilibrium rental is,
where r denotes the marginal product of land. We have established:
Proposition 1 An ex ante reallocation probability (1 ) of land that is not cultivated by contracted farmers implies a rental market for land that clears at rent r; where 2 [0; 1] and r is the marginal product of land in agriculture.
The reallocation probability (1 ) introduces a discount on rents that plays the role of a risk premium borne by migrating farmers. In a risk-free market (the guaranteed tenure one) they collect rents r for their land. But because in reality they run the risk of reallocation, the market clears at a lower rent r; so (1 )r is a discount on their rent due to the reallocation risk. Ex-post, remaining farmers do not face any risks because they cultivate the same land plot l=n a whatever happens, so the entire cost of the reallocation risk is borne by the migrants.
Under these conditions, the farmers' net return is the value of output of his farm, p a y i a , less the cost of the rents i = r(l=n a l=h a ); which is,
Note that in the guaranteed tenure case of = 1; the …rst part on the right side of (11) is labour's return from the farm (the marginal product of labour) and the second term the (competitive) rent from the land gifted by the state to agricultural hukou holders. In the more relevant range of < 1; the labour component is higher and the rent component lower. In the reallocation extreme of "use it or lose" it = 0; and the farmer's income is the entire output of the farm (the average product of labour).
Aggregate food production is given by the summation of y i a over i, i.e. n a y i a ; which in view of the symmetric solution l i a = l=n a ; becomes the output of a conventional Cobb-Douglas production function in the non-migrating farmers and the exogenous land allocation:
Worker' s migration decision
The migration condition equates wages in the urban location plus any rents that the migrant can collect from the initial land allocation, to the net return from cultivation had the migrant remained in agricultural production. The income of the agricultural worker is given by I a in (11) and the income of the migrant by I m ; de…ned by:
which is the sum of the wage from non-agricultural production w u ; obtained in (5) , and the rental income on the initial land allocation, rl=h a . The migration condition equates the two income levels, I a = I m and can now be stated:
In the case = 1; where there is a risk-free secondary market for land rentals, the migration condition (14) equates the value of marginal product of labour in each sector, despite the initial rent-free allocation by the state. But if < 1; the migrating farmer gets less than marginal revenue product from his land when he leaves, and pays below-market rates for a portion of his land if he stays, and so migration is lower.
Formally, this can also be seen by rewriting the migration condition (14) as,
Migration equates the value of marginal product of labour in agriculture to a fraction < 1 of that in the non-agricultural sector, a typical feature of the misallocation of resources. The term can be interpreted as a form of "labour market wedge", which has the same impact as an income loss by rural migrants in the non-agricultural destination, compared with local hukou holders who receive the full wage p u A u : This wedge is an endogenous outcome of the model due to the land policy. In the extreme case when = 0; i.e. those who leave the farm receive no rental income, the model implies that the endogenous wedge is equal to ; i.e. the implicit income loss is equal to the share of land (1 ) in the production function. The estimates of factor shares in China imply a of about 0:5 (see Cao and Birchenall, 2013, Fuglie and Rada, 2015) , giving a substantial endogenous implicit income loss in the new state of about 50%:
The migration condition (14) depends on the endogenous relative price of the two goods which needs to be solved out in a general equilibrium but its properties and sources of ine¢ ciency (when compared to a perfect rental market) can be illustrated in a simple diagram, as follows (see …gure 2). The vertical axis measures the returns from labour in each sector (for given relative prices) and the horizontal measures agricultural employment from left to right (and since n u = 1 n a ; nonagricultural employment from right to left, with 1 as origin). Because of the linear production function, the returns from urban employment are independent of employment, as in the right side of (14), and shown by the horizontal line at p u A u . The returns from rural employment slope down in employment left to right because of diminishing returns. The probability is a shift variable in this relationship. For = 1 the curve takes its lowest position and = 0 gives the highest position. The equilibrium for a perfect rental market is given by the intersection at n a : For an imperfect market with rents below the marginal product of land, equilibrium is at an intersection between n a and n 0 a ; the latter denoting the intersection in the "use it or lose it" extreme ( = 0): Clearly, a < 1 yields too much employment in agriculture, because farmers do not take into account the full cost of the land in their decisions; they behave as if the cost of land is r instead of r:
Market clearing conditions
The migration results shown in …gure 2 are partial but deriving the equilibrium ones by solving out for prices does not alter the intuition or properties that they illustrate. We solve for prices by equating demand and supply for the aggregate economy, consisting of three types of consumers: the h u urban (non-agricultural) hukou holders who work in the urban sector, the n a rural (agricultural) hukou holders who work in agriculture and the m = (h a n a ) migrants who work in the urban economy and hold agricultural hukou. Let c u j and c i j ; i = a; m be the corresponding consumption levels for the three types of agents. The market clearing condition for non-agricultural goods is: (16) and for agricultural goods, making use of (12):
De…nition 2 The land policy equilibrium is de…ned by the rental market in Proposition 1, policy parameters (h a ; h u ; ) and a sequence of prices fp a ; p u g, consumption allocations fc i a ; c i u g i=a;m;u and labour allocations fn a ; 1 n a g such that: given prices, the consumption allocations maximize the utility functions subject to the respective budget constraint; the employment allocation satis…es the migration condition that equates labour income in the two sectors; and prices satisfy the market clearing conditions.
With this de…nition we establish, Proposition 3 If land is an essential input into production, < 1; a land policy that keeps rents below the value of marginal product of land is a non-trivial barrier to labour mobility, inducing a bigger labour allocation in agriculture and less in non-agricultural production. These allocations coexist with a lower relative productivity in agriculture.
The proof is straightforward and we sketch it here. Aggregating the MRS condition (3) with the weight of each type of consumer and making use of the market clearing conditions (16) and (17) yields,
Substituting the relative prices p u =p a from (14) and making use of (4), yields the equilibrium condition for agricultural employment, which we write for better intuition as,
where is the "wedge"measure in (15) 
We note that the wedge is due entirely to the land policy and if = 1 it is zero, so the implicit income loss from migration, compared to the e¢ cient rental market is (1 ): The highest value of = 1 corresponding to the perfect rental market case of = 1; and the lowest value of = ; corresponds to the "use it of lose it"case of = 0: The former yields a migration condition that equates the marginal product of labour across sectors, whereas the lowest value = equates the average product of labour in agriculture to the marginal product in urban production (which is equal to the average product but only because of the linearity of the production function).
The results stated in Proposition 3 follow from equation (19) . First, we note that the left side slopes down in n a and the right side slopes up, giving a unique solution for agricultural employment. Second, the left-side ratio is the ratio of urban to rural employment, which depends positively on ; through its impact on the wedge . This establishes the main property of the labour allocation highlighted in the Proposition. The guaranteed tenure regime with = 1 delivers the highest urban to rural employment ratio whereas the "use it or lose it" alternative gives the lowest. The intuition is the same as the one that we gave in the preceding section about migration; the more distant the rental market from its e¢ cient level, the bigger the wedge between rural and urban labour returns. Other properties of the labour allocation are equally intuitive. The ratio of urban to rural employment depends positively on the relative preference for non-agricultural goods, on the ‡exibility in agricultural consumption as measured by the discretionary (nonsubsistence) component of consumption, and negatively on the income share of labour in agriculture. Finally, labour productivity in agriculture is below that in non-agriculture. As (15) shows, the marginal product of labour in agriculture is a fraction of the marginal product in non-agriculture, and yet workers do not reallocate from rural to urban areas. By extension, this misallocation of labour contributes to a lower aggregate productivity in the economy as a whole.
Government subsidies
We now introduce the second main policy tool associated with the hukou system -government subsidies. The local authorities in all areas of the country subsidize part of the consumption of local hukou holders by supplying free of charge some locally-produced social services, such as education and health. They do not subsidize the consumption of migrant workers, who are commonly referred to as " ‡oating workers". The subsidies are …nanced through local taxation and the implication that we emphasize here is that migrants have to pay taxes but receive no bene…ts, a feature of the system that acts as a migration disincentive.
As we pointed out in section 2, the system was originally introduced to prohibit migration. In the …rst stages of reform, beginning in 1978, the Chinese authorities relaxed some of the migration restrictions but rather than encouraging migration to the cities from the start, they encouraged the formation of small "township and village enterprises", so agricultural workers could move to industrial jobs within their area of registration. The aim of the policy was partly in line with the more general political objective of gradual relaxation of the restrictions of the Mao era, and partly to preserve the access of local residents to subsidized services. Figure  1 shows a bulge in rural non-agricultural employment in the 1980s, an indication that the policy was successful. Later the hukou restrictions were relaxed further, leading to growth in industrial employment in urban areas, but the rural nonagricultural sector remained an important source of non-agricultural employment in predominantly agricultural areas.
We take this fact into account by generalizing the model of the preceding section by introducing a second non-agricultural sector, located in the rural area. The good produced in the urban areas is still distinguished by subscript u and the non-agricultural good produced in rural areas by subscript r: Workers who move out of agriculture are modelled as in the preceding section but their access to social subsidies depends on their destination: if they move to the rural non-agricultural sector they retain their local subsidies but if they move to the urban area they lose them and they are not entitled to draw urban subsidies. 17 Our distinction between rural and urban non-agricultural jobs enables us to discuss separately the processes of industrialization and urbanization, which have been a feature of Chinese economic development since the reforms of the 1980s.
To proceed, we assume that the authorities buy a fraction s j (j = r; u) of local 17 We maintain the same assumptions about land as in the preceding section for all workers who move out of agriculture. There is some evidence in the literature that workers who move to the rural non-agricultural sector, especially if they are located within commuting distance of their village, have a better chance of retaining access to their land than workers who move to urban areas. Modelling this case requires a model of family allocations or of dual jobs and we do not pursue it in this paper.
non-agricultural output and give it to local hukou holders for free and raise lump sum taxes T j (j = r; u) to …nance them locally. To avoid pathological situations where consumers might want to sell government services we assume that s j is su¢ ciently small so that s j y j < c i j in all equilibria. The policy parameters with government subsidies are (h a ; h u ; s r ; s u ) ; which are taken as given, and where, as before, h a is the fraction of the population with agricultural hukou and h u = 1 h a is the fraction with non-agricultural hukou.
We de…ne the following equilibrium allocation with government policy.
De…nition 4
The full-policy equilibrium is de…ned by the rental market in Proposition 1, policy parameters (h a ; h u ; s r ; s u ; ), lump sum taxes (T r ; T u ) and prices fp r ; p u ; p a g ; consumption allocations fc i a ; c i r ; c i u g i=a;r;u;m and labour allocations (n a ; n r ; n u ) such that: given prices, the consumption allocations maximize utility functions subject to their respective budget constraints; the labour allocations satisfy the migration conditions that set incomes in all sectors equal to each other. Prices fp r ; p u ; p a g satisfy market clearing conditions and equilibrium lump-sum taxes satisfy government budget constraints separately in each region.
The rest of this section is devoted to characterizing this equilibrium.
Consumer' s and worker' s allocations
The utility function is the same as (1) except that now there is a second nonagricultural good c r :
with !; 2 (0; 1) and is the elasticity of substitution between rural and urban non-agricultural good. The production functions for the two types of nonagricultural goods are:
With government subsidies and taxes, consumer's budget constraints are affected di¤erently across di¤erent types of consumers. In rural areas, there are 18 We retain the linear structure of production for simplicity and for direct comparison with the model of the preceding sections, and di¤erentiate between the two non-agricultural goods in the utility function. An alternative with similar results would be to di¤erentiate the two goods in production, treating them as intermediary goods aggregating up to the …nal consumption good. Qualitative results would be identical.
agricultural and non-agricultural workers. Given that they are all rural hukou holders, they face the same subsidies and taxes, so their budget constraints are:
where I a is the same as in the land policy equilibrium (11) and
which is similar to (13) . In urban areas there are migrant workers who are not entitled to government subsidies but pay local taxes. 19 The budget constraint for these workers is di¤erent from the one in rural areas:
and the migrant's income is as in (13) . In contrast, urban hukou holders bene…t from government subsidies:
The income of urban hukou holders is simply the wage income in (5). The consumer utility maximization is similar to before except that there is an optimal consumption choice across rural and urban non-agricultural goods. Condition (3) is modi…ed to
and there is a new condition for the marginal rate of substitution across rural and urban non-agricultural goods:
Workers'migration conditions
Since rural workers do not lose their right to social subsidies if they remain in the rural areas, the mobility condition across agriculture and the non-agricultural sector in rural areas is similar to (14) in the land policy equilibrium without subsidies, as illustrated in …gure 2:
Using budget constraints (22) and (24), the migration condition for an agricultural worker moving to an urban location is:
Turning now to government, budget balance in rural locations requires,
because all rural residents are also rural hukou holders. In urban locations the recipients of subsidies are the h u urban hukou holders whereas the tax payers are the same h u workers plus the m migrants with agricultural hukou:
Substitution of the government's …nancing constraints and the urban production function into the migration condition (29) , in view of the employment share in urban production being, as before, n u = h u + m; simpli…es the migration condition between agriculture and urban production to:
Comparison with (14) makes clear the role of government subsidies in migration decisions. They act as a disincentive to urban migration because of the tax that migrants have to pay without matching social subsidies, reducing the net income that migrants receive after migration. In …gure 2, the impact of subsidies is to shift down the horizontal line for the labour return in the urban location, the shift factor being (1 h u s u ): The downward shift moves the intersection point further to the right, away from the e¢ cient point n a ; so the intersection between the downward sloping line with the relevant and the new urban line can now be to the right of the "use it or lose it"intersection n 0 a : The migration conditions (28) and (32) can also be re-written to mirror (15) :
with the same de…nition for and where we de…ned a new wedge related to urban subsidies as (1 h u s u ) ; the shift factor in …gure 2. Like ; attains its maximum value when there is no distortion, in which case s u = 0 and = 1: Given the restriction s u < 1; and by de…nition h u < 1; has a strictly positive minimum, reached in the limit as s u rises.
The presence of < 1 on the right-hand side of (33) is an additional source of implicit income loss in the urban state relative to the land-policy equilibrium in equation (15) . It generates a larger labour market wedge, so social subsidies act as an additional type of barrier against the movement from rural to urban locations.
The interaction of the two policies generates a rather complex picture of migration barriers. Agricultural workers'main barrier is the land, because they could go to a non-agricultural job in their locality without a¤ecting the taxes and social subsidies they face; this makes land policy the main barrier to industrialization. Rural non-agricultural workers can migrate to urban areas but they then have to pay taxes without receiving subsidized services; the urban tax and subsidy policy is mainly a barrier to urbanization. Of course, in equilibrium both policies a¤ect both industrialization and urbanization. These results are derived more formally in the next section, which endogenizes relative prices.
Employment allocations under the full hukou system
As in the case of the two-sector model, solving for prices does not alter the key intuition and qualitative results discussed in the preceding section. These results are summarized in the following Proposition:
Proposition 5 Social subsidies given to urban hukou holders and the land reallocation risk when land is rented reduce both the urbanization and industrialization rates; subsidies work by introducing disincentives to urbanization whereas the land policy works by introducing disincentives to industrialization. Appendix 7.1 derives the equilibrium employment shares step by step. The two equations that give the non-agricultural employment shares are,
where X is a function of parameters and de…ned by,
and the equation for agricultural employment is,
A a n a l 1
Equations (34) replace the single equation n u = 1 n a of the two-sector model and equation (36) replaces the important equation (19) of the two-sector model. Note that for = 1 (no subsidies), (36) collapses to (19) . Prices are given by the equality of demand and supply for each good, noting that there are now four types of consumers instead of the previous three: the h u urban hukou holders who work in the urban sector, the agricultural hukou holders who work in agriculture, n a ; and non-agriculture, n r , and the m migrants in the urban sector. Refer to the Appendix for more details.
That subsidies work mainly against urbanization in the equilibrium allocation follows immediately from (34): Higher subsidy rate lowers and the ratio of urban to rural non-agricultural employment, n u =n r : From equation (36), urban social transfers also lower overall industrialization, by reducing non-agricultural employment relative to agricultural. 20 It follows that urban employment is a smaller fraction of a reduced overall industrialization incidence, whereas rural non-agricultural employment is a relatively bigger fraction of the reduced industrialization. Urban subsidies reduce both industrialization and urbanization but their main disincentive is on urbanization. The other properties of the solution for agricultural employment are the same as in the two-sector model without subsidies.
Social transfers in rural areas, s r ; do not play a role in the employment allocation. The intuition is twofold: …rst, movements between agricultural and non-agricultural jobs in rural areas do not a¤ect the social subsidies received and taxes paid by rural workers, so they do not distort the rural allocation decisions. Second, once agricultural hukou holders decide to move to urban locations, they lose the rural bene…ts but also do not have to pay rural taxes, and these balance each other out by the assumption of regional budget balance.
Policy distortions

E¢ cient allocations
We now lay down the e¢ cient allocations by solving the planner's problem. The social planner chooses labour and land allocations to maximize the utility of the representative agent as in (20) , subject to the production technologies (6) and (21), 20 For very high values of this condition may not hold. When is very high, rural and urban non-agricultural goods are virtually identical and when subsidies are raised by a small amount large numbers of agricultural hukou holders might move back from urban to rural non-agriculture and agriculture. We exclude this pathological situation by imposing the required restriction on ; which is
Clearly, this is always satis…ed for = 1 but as takes lower values the upper limit on is a …nite number. In section 5.2 we show that X and can be quanti…ed and applying the numbers for 2010 we get, 103:
and the land and labour resource constraints. The planner's problem is formally derived in Appendix 7.2 and stated here:
Proposition 6 In the optimal allocation, the value of the marginal product of labour is equalized in all production sectors:
where is the corresponding multiplier for the labour resource constraint. There are equal land allocations across farmers. The optimal employment allocations satisfy:
Comparing the e¢ cient allocation in (39) with that in the hukou equilibrium in (36) implies that agricultural employment is higher in the hukou equilibrium given 0 < 1 and 0 < 1; both because of the subsidies and the imperfect rental market for migrant land. The intuition for these results is the same as the one given in connection to …gure 2. The subsidies also raise n r =n u so it follows from (34) that urban employment is ine¢ ciently low in the hukou equilibrium because of both policies. Non-agricultural rural employment is pushed up above the e¢ cient level by the subsidization policy and pushed down by the land policy, potentially giving an ambiguous result. The results of this section are summarized in the following proposition:
Proposition 7 The hukou equilibrium with 0 < h u s u < 1 and 0 < < 1 (equivalently, 0 < < 1 and 0 < < 1) implies an ine¢ ciently high agricultural employment share and an ine¢ ciently low urban employment share, with ambiguous results on the rural non-agricultural employment share.
The hukou equilibrium yields the e¢ cient allocation when there is a risk-free rental market for agricultural land ( = 1) and either no subsidies or (because of our non-distortionary modelling of both transfers and taxes) universal subsidization covering migrants as well. This holds independently of the speci…c ownership structure for land; the important property required is that farmers have guaranteed tenure during the period of their contract.
Proposition 8
The decentralized equilibrium is e¢ cient if there is guaranteed tenure with a perfect rental market for land ( = 1) and there are either no region speci…c urban subsidies (s u = 0) or no exclusion of migrants from the urban subsidies.
Dividing (36) by (39), we can compare more explicitly the agricultural employment share in the policy equilibrium n a with the e¢ cient allocation, n a :
where the agricultural production function A a n a l 1 has been replaced by y a for notational simplicity and
A higher labour wedge (lower ) increases the ine¢ ciency in the labour allocation as it acts as a policy-induced disincentive to migration. A similar argument applies for lower ; the subsidy wedge. From the de…nition of we …nd that for < 1; increases in ; so a higher labour share in agriculture reduces the wedge and the distortion caused by the imperfect rental market. The intuition follows from our solution: in the case with perfect rental market, = 1; labour gets a share of agricultural output whereas in the policy equilibrium it gets share (1 (1 )) ; so the higher is the closer the two equilibrium outcomes will be. Another important parameter that in ‡uences the gap between the policy outcome and the e¢ cient one is the value of subsistence consumption, c a : A higher value for c a implies that substitution possibilities between agricultural and nonagricultural consumption are more limited so removing some of the incentives that farmers have to migrate does not have as much impact on their decisions as in cases where consumers are more likely to switch between agricultural and nonagricultural goods. The ratio in (41) increases in the subsistence ratio c a =y a given the over-employment in agriculture (n a > n a ) that we have already established.
A …nal property of the policy equilibrium to note is that there are interactions in the impact of policy on outcomes. Higher subsidies reduce and the ratio ( + X 1 ) = (1 + X 1 ), so, if the distortion from land increases and falls, its marginal impact is reduced when subsidies are higher. The same applies to the marginal impact of subsidies; it is maximized in the case of an e¢ cient land policy.
Quantitative impacts of policy distortions
We conclude with some measures of the quantitative importance of the sources of ine¢ ciency that we have identi…ed in this paper. These are the land reallocation risk and the consequent absence of an unencumbered rental market for land and the hukou-linked entitlement to social subsidies. We are not doing a full calibration of the Chinese employment allocation but we are merely looking for ways that enable us to put an approximate value on the ine¢ ciencies caused by the two policies. We measure ine¢ ciency by the deviation of observed employment from the model's e¢ cient allocation. We make use of some parameter estimates in the literature and statistical information from China.
Our assertion is that the observed employment allocation in the three sectors, agriculture and rural and urban non-agriculture, corresponds to the one obtained in the model with both a land and a subsidy policy, which we denoted (n a ; n r ; n u ) and obtained in section 4. We then use (40) to compare the policy equilibrium with the e¢ cient allocation and we also study the impact when only the land policy is in operation, by setting s u = 0:
Starting with parameters in (40), we get an estimate of = 0:51 from the work of Cao and Birchenall (2013); 21 from (34) we obtain X = n r =n u using observed employment allocations; the measure of urban hukou holders h u is given by Chan (2012) ; and the subsidy s u was computed by us from several Chinese statistical sources and includes spending on education, health care services, pensions, and other social assistance programmes (e.g., basic living subsidies). Full details of the data are reported in Appendix 7.3 and 7.6.
The …nal parameter required to derive the distortion in industrialization is c a : We treat c a as a constant, as is commonly assumed in the development literature, and start from an initial year in which almost all consumption is at subsistence level. We take this year to be 1978, before the big migrations started and when agriculture was still employing 68% of the labour force; we choose c a such that c a =y a = 0:9 for that year. 22 Given the value of c a , equilibrium condition (36) implies a time series of c a =y a : (see Appendix 7.4). Together with (41), we can use (40) to compute n a for any observed agricultural employment share n a and a given value of : Finally, to derive the distortion in urbanization, we compute n u using (38) which requires a value for to separate X from : We assume that is equal to 2. Small variations in this number do not change the results given that h u s u is small and so
(1 h u s u ) is very close to unity. 23 Results depend crucially on the value of ; as one would expect, since = 1 21 They estimate for Chinese agriculture a share of capital of 0.25, land 0.37 and labour 0.38, which implies = 0:38=0:75 = 0:51: This value is in line with the estimates of Fuglie and Rada (2015) and Adamopoulos et al. (2017) . The small di¤erences in the three estimated values make only marginal di¤erences to our results. 22 Lower subsistence would increase the distortion. 23 We note that although appears in the equation for agricultural employment, (36), a value is not required to compute n a ; because by (34) the whole expression X is equal to n r =n u and we can use data from the employment series to calibrate it. yields e¢ ciency. What is a reasonable value? As explained in section 2.2, before 1984 land was always appropriated and despite the issuing of a new document in 1984, the same can be assumed up to the passing of the 1998 Act. In this period = 0: Although the 1998 Act improved property rights, the market did not pick up until after property rights were strengthened in the 2003 Act. For 2004 we use = 0:2; based on the Feng, Bao and Jiang (2014) …nding that 80% of villages were experiencing reallocations at this time. From 2004 onwards the rental market started improving gradually but never reached maturity. Feng, Bao and Jiang (2014) report that by 2010, 40% of villages were experiencing reallocations, so we use = 0:6 for this year. 24 We derive results both for s u = 0 and for the full policy model with the computed value of s u ; to shed light on the relative importance of each distortionary policy. Table 1 shows the results for three years, 1998, 2004 and 2010, the …rst two being landmark policy-change years and the third the last year of our sample. The table shows the year and the percentage of urban hukou holders in that year in column 1, the type of model with values for and the computed s u in the next three columns, next a column for "income loss" and …nally in the …nal three columns the computed results, with the …rst row of each year showing the computed e¢ cient equilibrium employment share and in the other two rows the percentage-point distortion due to the policy. The column for income loss is the implicit loss of income to the migrant that we used in our formulas (e.g., equation (33)), measured as a percentage of the wage rate in urban areas. It is clear from the results in the table that the land policy causes a much bigger distortion to implicit incomes than the subsidies, even in the …nal year when both and s u increased due to new legislation that strengthened tenure rights and increased urban subsidies. 25 Our results show that the distortions in the allocation of employment to agriculture and non-agriculture (industrialization) are substantial, especially in the early years. In 1998 agricultural employment is 8 percentage points higher than in the e¢ cient allocation and in 2004 this number remains high, at 7 percentage points. 24 We reiterate that these numbers are not meant to be accurate measures of the ex ante reallocation probability but numbers that are reasonable approximations to the observed reallocation rates in the rural locations of the migrants. Our objective is to use plausible numbers to get ball-park …gures for the policy distortions. 25 Two caveats that can be stated with respect to the impact of subsidies are as follows (both pointed out by anonymous referees). First, our computed subsidy rates are derived from government spending but if migrants buy services such as education and health in urban areas at higher prices than the cost of these to the government (which is very likely), then the disincentive to migrants from their exclusion from these services is higher than computed. Second, and working in the opposite direction, migrants may continue using the services provided in their home area, e.g., by sending their children to school there or going back for health treatment if the need arises, and this reduces the income loss from migration.
Social subsidies do not a¤ect these numbers by much. By 2010, when agricultural employment is almost half of what it was in 2004, the distortion from the land policy is down to 3.8 percentage points and that of subsidies to 0.2 points. In all these cases, the land policy distortion is equivalent to about 18-22% over-employment in agriculture.
The impact of subsidies is relatively more important in the urbanization of production. In 2010, the 0.2 percentage points of under-industrialization generated by subsidies is distributed as 1.0 percentage points less employment in urban areas and 0.8 percentage points more employment in rural non-agriculture. The overall 4.0 percentage points of under-industrialization is distributed as 3.4 percentage points under-urbanization and 0.6 percentage points under-employment in rural non-agriculture. This illustrates the ambiguity in the net distortion of the rural non-agricultural employment that we discussed in section 4. Overall, the distortions due to the land policy dominate the allocations but social subsidies still play an important role. Their main contribution is to generate more employment in rural non-agriculture, which slows down the process of urbanization.
Other labour market wedges
Some authors have argued that migrants are either discriminated against or have skills that are not suited to the ones required in urban locations, so insu¢ cient earnings is a major barrier to migration from rural to urban areas. It is not possible with the data available for China to identify the source of lower earnings for migrants, whether it is due to discrimination or heterogeneity, but lower earnings on average is frequently documented in the empirical literature (see for example Meng and Zhang, 2001; Frijters, Kong and Meng, 2011; Démurger et al., 2009 ). This is an immigration barrier that we did not take into account in our model, in which the migration condition guarantees earnings equality. In this section we recalculate the impact of the land and social subsidy policies on immigration when there is an exogenous labour market wedge for immigrants that contributes to the observed productivity di¤erences between agricultural and non-agricultural labour. The purpose is to check the robustness of our …ndings to the existence of this wedge, which leads to a constrained-e¢ cient outcome in the absence of the hukou restrictions.
We follow the standard approach in the development literature by introducing an exogenous labour market wedge that lowers the non-agricultural wages earned by agricultural hukou holders to w i ; i = r; u; with 2 (0; 1) : In other words, a migrant receives only a fraction of the urban wages received by workers with urban hukou. We show in Appendix 7.5 that this generalizes the mobility condition (33) in an intuitive way, to:
where = = (1 (1 )) and = 1 h u s u as before. Employment allocations satisfy:
and
These conditions collapse to (33)-(36) when = 1: In the absence of land and subsidy policy ( = = 1); the migration condition (33) implies that the exogenous is a labour market wedge that prevents equality of the value of marginal product of labour across sectors. We assume the observed employment allocations are those that come out of the model with 2 (0; 1) and the two policies. All parameters are calibrated as before and the new parameter is set to match the productivity gap between agriculture and non-agriculture when and take the values reported in Table 1 for each year (see Appendix 7.5 for more details). The productivity gap is de…ned as the ratio of nominal labour productivity in non-agriculture to agriculture. This ratio is obtained from combining nominal GDP for agriculture and non-agriculture from the Chinese Statistic Yearbook with the sectoral employment shares in Figure 1 Given the computed parameter values, we then use equations (44) and (43) to calculate (with taking its computed values) the employment allocations when the rental market for land is e¢ cient ( = 1) and there is no hukou-based discrimination in subsidies ( = 1): This delivers the "second-best,"or "constrained-e¢ cient" employment allocations. We then derive the impact of the land policy and the social subsidization by comparing the predicted employment allocations to the second best allocation. Table 2 shows that our results about the over-employment in agriculture and the under-employment in urban production, relative to the secondbest allocations, are similar to those in Table 1 , except that social subsidies have a larger e¤ect on urbanization. The reason for this change follows from the way the wedge changes the migration condition, from (33) to (42) : since migrants care about the cost of the social subsidies, which comes out of their income, they care about the ratio of this cost to their wage income, so the parameter that picks up the impact of the subsidies changes from 1 (1 ) when they earn as much as local hukou holders to 1 (1 ) = when they earn only as much. Looking also at the column that shows the implicit policy income loss shows that social subsidies cause a much larger implicit income loss (as a percentage of their earnings) than was the case in Table 1 .
By construction, the three barriers together, ; ; and s u ; account for the entire productivity gap between agriculture and non-agriculture. It is possible to use our results to decompose the gap into the contribution of each barrier, following the same methodology as in the employment allocations. This is shown in the last column of Table 2 . The computed ratios show that the over-employment in agriculture induced by the land policy and the social subsidies can account for about half (3:9 1:9)=3:9 of the productivity ratio in 1998, with most of it due to the land policy. By 2010, the land policy still accounts for about a quarter (2:9 2:1)=3:1 of the productivity ratio, with an additional 7 percent (0:2=3:1) due to social subsidies. These results show that the hukou-based land policy and social services contribute a substantial part of the productivity gap due to the misallocation of employment.
Conclusion
We have shown that the two main components of the hukou household registration system, the allocation of land cultivation rights to rural residents and the entitlement to social subsidies in the area of registration, lead to over-employment in agriculture and under-employment in the urban non-agricultural sector, whereas the rural non-agricultural sector is subject to a negative in ‡uence from the land policy and positive from the social subsidies, which might o¤set each other. The land distortions arise from the fact that the absence of tenure guarantees, which in its extreme form is summarized by the statement "use it or lose it", lead (endogenously in our paper) to imperfect rental markets, with a market-clearing rental rate below the marginal product of land. In the comparison of migrant incomes from rural and urban activities this leads to a discount on the e¤ective income in urban activities by up to 50% (when compared to an e¢ cient rental market), which is the reason that migrants under-estimate the social bene…ts from migration. 26 This ine¢ ciency can be corrected by guaranteeing the security of tenure to farmers. Extending full entitlement to social services to migrants (the " ‡oating workers") corrects the distortions due to the local entitlement restrictions of social transfers. Our results are derived from a model that has strong qualitative implications and quantitative properties that depend on a small number of parameters. We show that land policy is the main channel through which the hukou system distorts both urbanization and industrialization. The social subsidies are small by comparison, and although they have an impact on urbanization and the growth of rural enterprises, their impact on industrialization is less. Generalizing from our …ndings, we would argue that the absence of e¢ cient rental markets discourages the growth of large agricultural enterprises and reduces the incentives to mechanize agriculture, which is a current problem in China (World Bank, 2014).
Appendix
Equilibrium in three sectors with government subsidies
The market clearing condition for non-agricultural goods is:
and for agricultural goods, using (12) :
We …rst derive the employment allocation across rural and urban non-agriculture. Aggregating the MRS condition (27) with the weight of each type of consumer and making use of the market clearing condition (45) for j = r; u, we obtain:
Substituting the relative price of the two goods from (33) into the aggregate MRS condition (47), we obtain the relative size of the rural to the urban non-agricultural employment share:
By de…nition, n r + n u = 1 n a ; which yields the rural and urban non-agricultural employment shares in (34) . Turning now to the allocations across agriculture and non-agriculture, we can rearrange (26) to:
Substituting relative prices from (32), we obtain,
substituting n u from (34) and using de…nition of X in (48):
Rearrange to obtain the equilibrium condition for the agriculture employment share in (36).
Planner' s problem
The planner's problem is to choose labour and land allocation to maximize the utility of a representative agent subject to the production technologies max na;nr;nu;la
; s:t:
; c j = A j n j ; j = r; n n a l a l n a + n r + n u 1
As land is only used in agriculture, it must be that l a = l=n a : Thus the problem is transformed to choosing labour allocation to solve: max na;nr;nu;la
c a = A a n a l 1 ; c j = A j n j ; j = r; u n a + n r + n u 1
Let be the corresponding multiplier for the labour resource constraint. The optimality conditions imply:
which states that the value of marginal product of labour must be equalized across all sectors. Equation (54) together with the production functions can be used to derive the optimal employment allocations.
Across sectors r and u;
Substituting the production technologies, we derive,
which together with the labour resource constraint imply the employment allocations in (38) . Across sectors a and u; ! c a c a c a n a =
(1 !) (1 )
which simpli…es to
together with (55) and the production function for c u ; we obtain:
Finally substituting the production function for c a and equilibrium n u in (38) we obtain the equilibrium condition for agriculture employment share in (39).
Constructing s u
We obtained data for social spending in urban areas as a percentage of nonagricultural value added (denoted Z u below). The model requires s u ; social spending as a percentage of urban value added, and we explain here how it can be computed in the model's equilibrium. Social spending as a percentage of non-agricultural value added is de…ned by Z u s u p u y u p u y u + p r y r = s u 1 + p r y r =p u y u :
From (33), we get, p r A r = (1 h u s u )p u A u p r y r n r = (1 h u s u ) p u y u n u p r y r p u y u = (1 h u s u ) n r n u :
Substitution from (61) into (60) yields,
Formula (62) contains observables except for the unknown s u and we use it to compute the time series for s u :
Computing the e¢ cient allocation
Given a value for c a =y a in a given year, we use (36) to compute the implied preference parameter ! for that year, from the rearranged equation:
The parameter ! derived from this is assumed to hold in all years in the sample, being a …xed preference parameter. Given !; rearranging (63) once again and using subscript t for a year in our sample, we obtain a time series for c a =y a :
c a y a t = 1 ! 1 ! 1 n at n at
Together with (41), we can use (40) to compute n at for any observed agriculture employment share n at and a given value of :
Model with other labour market wedges
Wages in non-agricultural sectors are w j = p j A j ; j = r; u; so the migration conditions across agriculture and rural non-agriculture in (28) become,
which, making use of the notation, immediately gives the …rst equality of (42) . The mobility condition across rural non-agriculture and urban non-agriculture is p r A r + p r s r y r T r = p u A u T u :
The urban employment share is still (h u + m) so the government budget constraints are the same as in (30) and (31) . Substitution of those into (66) gives the second equality in (42) . Finally, employment shares (43) and (44) follow from substituting the mobility condition (42) into the aggregate MRS conditions (47) and (51) . The non-agricultural labour productivity implied by the model is N AP = p r A r n r + p u A u n u n r + n u = n r =n u + (1 h u s u = ) 1 n r =n u + 1 p r A r ;
where the last equality follows from the migration condition across sectors r and u in (42) . Thus, the ratio of labour productivity across agricultural and nonagricultural production, making use of the mobility condition (42), becomes:
which implies an unique value of given data on (N AP=AP; n r =n u ) and parameters ( ; ; h u s u ) ; all of which are observable.
Data
The employment shares (n a ; n r ; n u ) are from Brandt and Zhu (2010) . The nominal value-added of non-agriculture (p n y n ) is the sum of secondary and tertiary nominal value-added reported by the NBS. The share of urban hukou h u is from Chan We include all social service costs related to hukou (World Bank 2014, chapter 3) including education, health care services, pensions, and other social assistance programs (e.g., basic living subsidies). We collected detailed data of government spending for urban and rural areas respectively. The main components are:
Education -This corresponds to the category "Government Appropriation for Education" from the Educational Statistical Yearbook of China. For the rural education we included only the spending for 9 years of compulsory education and we derived the urban education spending by subtracting the rural spending from the total government spending on education.
Health -The data are from the China Health Statistical Yearbook. The total government spending on health is the …scal budget appropriation for health from governments at all levels. However, we only have separate data for rural and urban areas on total health spending, which includes altogether the spending from the government, social entities and individuals. We therefore assume that the distribution of rural and urban spending is the same in total health spending and in government health spending.
Pensions -For rural areas, this variable denotes the government subsidies on the New Rural Pension System (for rural residents) from the MOF webpage. For urban areas, it denotes the government subsidies on the Urban Enterprise Basic Pension Insurance (for workers with urban hukou) and Urban Residents Social Pension Insurance (for non-employed residents with urban hukou), from the Finance yearbook of China and MOF Webpage.
Other Urban Welfare -This is government spending on Unemployment Insurance, Work Injury Insurance and Maternity Insurance, which local urban hukou employees are eligible for. The data are extracted from the Finance yearbook of China and MOF webpage.
Basic Living Subsidies -This variable includes basic living standard subsidies for urban and rural areas, from the China Civil A¤airs'Statistical Yearbook. Note: λ, hu and su take the same values as in Table 1 . Policy income loss is the percentage of implicit income loss relative to the second-best. Productivity ratio is the ratio of nominal labour productivity in non-agriculture (NAP) to agriculture (AP).
